ABSTRACT
INTRODUCTION
The purpose of coronary artery bypass grafting (CABG) is to obtain patency in all grafts during a patient's lifespan.
The left internal thoracic artery (LITA) has better long-term patency compared to other grafts including saphenous vein (SV) grafts, radial artery [Desai 2007] . It can be shown that many factors such as atherosclerotic processes, anastomotic features, and the magnitude of the vascular bed for run-off may be associated with the SV graft patency [Sarzaeem 2010] .
As a different topic, the size of proximal anastomosis is constructed to match the proximal graft size. A biological mismatch between the aortic hole and the graft size is always present but macroscopically minimal because surgeons try to minimize the mismatch. Although the proximal vein is beveled to allow laminar flow that increases patency rate of grafts, there is no detailed available data to suggest a more reasonable treatment selection between the punch hole sizes.
In this study, predictors of the SV graft failure and influence of the different punch holes made in the aortic wall on graft patency were investigated.
MATERIALS AND METHODS
This study consisted of 266 consecutive and symptomatic patients with postoperative angiography after isolated onpump coronary artery surgery using SV graft from August 2009 to April 2012. 1980 patients had undergone CABG in the range of this last mentioned date. As a protocol of our hospital, all patients who undergo CABG surgery are controlled systematically irrespective of symptoms with certain date ranges. The cohort of studied 266 consecutive patients with their coronary angiography was selected out of the 1980 who underwent CABG during the study period. Groups were created retrospectively according to the failure of at least one proximal aortosaphenous anastomosis by coronary computed tomography angiography (cCTA) and invasive coronary angiography. The CT angiograms and coronary angiograms were performed depending on both clinical status and treadmill exercise test. The patients with stable angina symptoms and/ or positive stress test results were first examined with cCTA in our hospital. Therefore, conventional coronary angiograms of patients with failure graft according to cCTA were planned electively.
The patient exclusion criteria were the use of different hole punchers in the same patient who had more than one proximal anastomosis, renal failure (serum creatinine [sCr] level >2.0 mg/dL), hematological disorders such as severe anemia (hemoglobin level <10 g/dL), concomitant valvular surgery,
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emergency, congenital heart disease, and without regular follow-up period, taking medical treatment consisting of statin and beta blocker. Off-pump patients were also excluded. All patients received statin and low-dose aspirin during their follow-up period. SV graft failure within the first year of surgery can be attributed to surgical technical errors [Sabik 2011] . But it could be due to thrombosis or intimal hyperplasia added to technical errors. Because of that, patients who were within a one-year follow-up period were not excluded from our study.
After approval of the institutional review board, the study was conducted in a retrospective design in our cardiovascular surgery clinic. This study was in accordance with Helsinki Declaration Guidance. This study was not supported by any company. An informed consent form was obtained from every single patient before enrollment.
Definition of Terms
Hypertension (HT) was defined as systemic blood pressure >140/90 mmHg or taking antihypertensive treatment. Cerebrovascular disease was included in those with a history of stroke, transient ischemic attack, or both. The presence of diabetes mellitus (DM) was self-reported or based on previous medical documentation. Body mass index was calculated from simultaneous measurements of height and weight. Ejection fraction (EF) was assessed by echocardiography (Vivid S6 with a 3.5 MHz phased array transducer, GE Medical System, Horten, Norway) using a modified Simpson's method.
Surgical Details
All patients in this cohort were operated by the same surgeons and anesthesia team. Anesthetic management was similar in all patients. We employed aortic-unicaval cannulation, standard cardiopulmonary bypass, and moderate systemic hypothermia in all patients. After aortic cross clamping, cardioplegic arrest was performed with isothermic blood cardioplegia. LITA was used for LAD bypass as a standard protocol in all patients, while all other anastomoses were performed using SV graft. If LAD coronary artery had consecutive stenosis, left coronary territory was revascularized by using both SVG and LITA. Lateral occluding clamp technique for the construction of proximal anastomosis was used in all patients. All distal anastomoses were constructed with continuous 7/0 polypropylene and performed in a similar fashion. Length of grafts was adjusted meticulously in order to avoid graft kinking or overstretching. All proximal anastomoses were carried out with continuous 6/0 polypropylene. In some patients, T-graft or sequential graft was used to minimize aortic manipulation. Sequential use of saphenous vein was a preferred approach in lateral and anterolateral side of heart anastomoses in cases. The aorta was carefully examined and punctured with a scalpel (no. 11) not to encounter atherosclerotic areas on the aorta because aortic wall without plaque provided both smooth edges and consistent size with punch hole and punch was being used once. The criterion of using 4.8-mm or 4.0-mm aortic punch was almost always dependent on the vein diameter. A 4.0-mm or 4.8-mm punch (Bıçakçılar rotating aortic punch device, Bıçakçılar, Istanbul, Turkey) was introduced into the hole.
Dual Source Computed Tomography (DSCT): Indication, Study Protocol, and Analysis
The cCTA protocol was performed using a DSCT with 2 × 128 detector rows equaling 256 slices (SOMATOM: Definition Flash Siemens Medical Solutions, Forcheim, Germany). cCTA were performed in 266 symptomatic post-CABG patients with the same DSCT protocol. All patients signed a written informed consent prior to DSCT.
Grafts were reviewed for patency and pathologic focal Mortality, n (%) 0 (0) 0 (0) *Data are presented as the mean ± SD where indicated. LITA indicates left internal thoracic artery; PCI, percutaneous coronary intervention; POAF, postoperative atrial fibrillation.
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narrowing. Patients assessed by DSCT revealing evidence of graft occlusion or significant stenosis (greater than 60% of the graft diameter) were referred for further cardiologic investigation. Also, the final proximal anastomosis graft size was measured by using CT images in every case retrospectively ( Figure 1 ). Two independent, blinded observers evaluated all grafts and measured the diameter of the proximal anastomosis. The angiographic findings from DSCT were assessed by two experienced readers to provide inter-observer variability.
Coronary Angiography and Coronary Artery Lesion Assessment
Angiograms of the native coronary arteries and bypass grafts as well as interventions were performed by interventional cardiologists with standard methods via femoral artery. Both LITA and each vein-to-aorta proximal anastomosis were given contrast media selectively. If the graft's location could not be found within the aorta, an aortic root injection was performed to find the orifice of graft or its stump. In skip vein grafts, every single segment was reviewed as a separate graft. All cine angiograms were reviewed by two cardiologists and a cardiac surgeon who were independent of this study and blinded to procedural data. For the per-graft end points of 70% stenosis and occlusion was accepted as a graft failure.
CAD complexity was assessed by the SYNTAX score [Serruys 2009 ]. Two cardiologists who also were blinded to the patient's clinical status and each other calculated SYNTAX score based on patient's coronary angiograms at the angiographic core laboratory. In case of disagreement, the opinion of a third observer was obtained.
Statistical Analysis
Statistical analysis was performed with NCSS 2007 statistical software (Number Cruncher Statistical System, Utah, USA). Continuous variables were summarized by mean ± standard deviation, and categorical variables as numbers and percentages. In order to determine the difference between the means of continuous variables, Student t-test for independent data was applied to normally distributed variables, while a Mann-Whitney U test was used for non-normally distributed variables. The chi-square test was used for independence between the two categorical variables.
A graft that can fail at any point after surgery due to the outcome of graft failure is time dependent. Therefore, univariable tests were used to prescreen covariates for inclusion in the regression model. In this analysis, outcome of SV graft failure was the dependent variable. A Cox proportional hazards regression model was used for analysis of time-to-event data due to open-ended follow-up time. First, the KaplanMeier survival estimates were calculated. Secondly, the possible factors identified with univariate analyses were further entered into the Cox regression analysis, to determine independent predictors of saphenous graft failure. Among correlated factors with similar effects on graft patency, only those with clinical significance were included. The inclusion and exclusion thresholds were set as 0.05.
There were no missing data. A P value of <.05 was considered statistically significant.
RESULTS
There were 266 cases undergoing CABG in both groups. The SV graft occluded group consisted of 100 patients with a mean age of 63.32 years while there were 166 patients with SV graft patent with a mean age of 57.98 years. Incidence of the SV graft failure was not affected by sex (P = .290). There were statistically significant differences between patients with occluded and patent grafts with regard to demographic features including age (P = .0001), ongoing smoking status (P = .0001), EF value (P = .0001), SYNTAX score (P = .001), sCr level (P = .0001), and DM (P = .0001) ( Table 1) . Proximal stenosis and sizes of target vessels were similar in patients between the two groups. Native coronary artery disease (CAD) data and target artery size are given in Table 2 . Number of distal anastomoses, usage of red blood cell units, and rate of postoperative atrial fibrillation were significantly higher in patients with SV graft occluded than those in patients in the SV graft patent group (P = .004, P = .006, P = .045, respectively). Operative and postoperative data are given in Table 3 . Cox proportional hazards regression analysis was performed to assess the variables, considering the SV graft failure as a dependent variable in the study sample. The significance of older age (P = .023), DM (P = .002) and increasing EF (P = .011) persisted in this regression analysis (Table 4) . Additionally, curves of the time-to-saphenous vein graft failure were similar between the two groups according to Cox regression analysis graph (Figure 2, A) .
We also classified the study population into two groups according to aortic punches used during surgery to be able to evaluate the final proximal anastomosis graft size. According to the tomographic measurement, there was no statistically significant difference between patients with 4.0-mm and 4.8-mm grafts in view of diameter of final proximal anastomosis graft that were anastomosed to the coronary arteries in the LAD, CX, and RCA territories (Table 5) . Additionally, there was no statistically significant difference in view of the cumulative patency rate of the SV graft between patients whose different punches were used (Figure 2, B) . The cumulative patency rate of the SV graft in patients whose 4.8-mm punch was used was 97% at 1 year, 85% at 3 years, and 78% at 5 years after surgery, while patients whose 4.0-mm punch was used was 98% at 1 year, 85% at 3 years, and 68% at 5 years after surgery. During the postoperative period PCI was performed in 13 patients (13%) with an occluded SV graft while in the patent group only 3 (1.81%) patients underwent PCI in their native coronary arteries. Conventional or direct stenting technique was applied in these patients according to their lesion characteristics.
The last angiography was performed on April 30, 2015 and this was about 3 years following surgery.
DISCUSSION
First, increasing EF is a protective factor against SV graft failure. Second, the decreased patency rate of the SV graft is associated with older age and DM. Third, there is no effect of broad proximal anastomotic diameter on venous bypass graft patency in patients undergoing CABG according to our study. Additionally, to the best of our knowledge, this is the first study evaluating the effect of different diameters of proximal anastomoses on the rate of SV graft patency.
Follow-up of CABG patients for graft patency and progression of CAD is necessary because there is the probability The Heart Surgery Forum #2015-1304
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of graft restenosis. SV graft has the lower graft patency rate in comparison to LITA. In spite of this, it is still being utilized commonly as a conduit in CABG [Cho 2006 ]. Cho et al also suggests that patency rate of SV graft has steeply gradually sloped between the result of 5-year patency rate of SV graft and ten years [Cho 2006 ]. Therefore, influential factors of bypass graft patency are vital. One of these factors can be the state of the proximal SV graft anastomosis. Although much research on the hemodynamics at the distal anastomosis of bypass graft and target-vessel characteristics has been conducted, there has not been detailed information about the ideal diameter of the proximal anastomotic site and proximal artery flow condition including arterial conduits in the literature. It is well known that larger proximal graft anastomosis sites have better hemodynamic performance than smaller ones. As a matter of fact, 4-mm punch makes 12.56 mm² areas while the other one makes 18.08 mm² areas. Qiao et al reported that a larger or isodiametric graft is favorable because large grafts can bring about better hemodynamics with relatively large positive longitudinal velocity, uniform and large wall shear stresses, and small wall shear stress gradients [Nakajima 2011; Bonert 2002] . We do not think that our results are compatible with these reports in view of the effect of a 4.8-mm punch hole on the graft patency rate. Although the final proximal anastomosis graft size was larger in patients whose 4-8 mm punch was used than those in patients whose 4.0-mm punch was used, there was no statistically significant difference between groups created according to different punches that were used in patients in this study. The subject may be considered from another point of view. As a disadvantage, hemodynamic forces of the proximal artery flow may trigger the response of vascular endothelial cells that leads to the formation of intimal hyperplasia at the distal anastomosis and, ultimately, long-term graft patency [Kute 2001] . For this reason, surgeons may be inclined to exercise some control over the flow condition in the proximal artery by avoiding the use of broad aortic punch.
Another issue is that proximal artery flow condition can be affected by aggressive atherosclerotic narrowing beyond one year of surgery. As a result of this, occurrence of flow disturbance at the proximal anastomosis may jeopardize the patency along the rest of the SV graft. Obstructions of SV grafts can cause irreparable damages to the myocardium during the postoperative period. Therefore, proximal anastomosis may be as important as distal anastomosis. Native proximal artery flow condition (prograde, zero, and retrograde flow) may be another potent factor on the venous bypass graft patency. In other words, a partial stenosis of a bypassed coronary segment may allow residual forward flow through the native proximal coronary artery. Because of that we classified all coronary arteries according to their stenosis degree. But we did not observe any statistically significant difference between the two groups.
Although the proximal portion of SV grafts is almost always larger in diameter than 4-mm and commonly healthy enough for the anastomosis, this situation may not be the same for arterial conduits such as radial artery or free LITA. The circumference of the vein graft should be larger than the aortic hole; otherwise the hood of the vein may flatten and compromise the lumen. When the vein calibri is small, the aortic hole should be limited to avoid any mismatch between the vein graft and the aortic opening. For this reason, if the vein calibri is small, selection of the puncher may have to be oriented according to the sıze of the conduit. According to this, a surgeon may have to choose a 4-mm punch for proximal anastomosis to avoid size mismatch between the conduit and hole on the aorta. In addition, this preference may be valid for arterial conduits. But there are no comparative analyses planned using arterial conduits. Apart from that, reconstructing the anastomosis to suit one punch at 4.0-mm or 4.8-mm may not mean that the end anastomosis configuration was 4 or 4.8 but that to match the size of the aortic hole the vein could be anywhere between 2 and 6 mm, hoping that the proximal vein would be beveled to allow for laminar flow.
In some arteriosclerotic cases, to explore the aorta carefully before the proximal anastomosis may be important in view of anastomosis quality. In case of limited area on the surface of the aorta according to finger examination, a 4.0-mm punch may be more suitable for anastomosis. But, poorly placed stiches resulting in suture line stricture may lead to barely adequate coronary blood flow and reduce the anastomotic orifice thoroughly, in particularly for a diameter of 4-mm. For all these reasons, our findings may contribute to the search for the most appropriate punch-hole for proximal anastomosis.
SV graft diameter commonly has several folds larger than the target coronary artery, as we emphasized before. Therefore, it has plenty of flow to deliver unless the surgeon has created a problem. However, arteriolar resistance, by the vein or anastomosis, may limit its flow in the coronary artery system [Barner 2012 ]. In addition to these, a 2.0-mm coronary requires a 3.0 mm arteriotomy for a good match [Barner 2012] . Given the findings from cCTA regarding (the final proximal anastomosis graft size) diameter of proximal anastomosis in the follow-up period of surgery, using the 4-mm aortic puncher may be logical.
Although older age and DM are well-known predictive factors for SV graft failure, they are also non-specific factors [Yanagawa 2014; Zachrisson 2011] . Similarly, preserved EF can provide protection against SV graft failure but it is also a nonspecific factor in predicting SV graft patency [Shah 2003 ]. It can be explained that good runoff and wider viable myocardial areas need greater flow.
Limitations
Our study was a small and single center study. Another problem, retrospective review of operative notes and of the surgeon's techniques may be confounded by its descriptive accuracy as well as missing data. Therefore, our results should be confirmed in larger longitudinal prospective studies to obtain documentation of the graft patency studied at the time of surgery. In addition to this, graft flow measurement for each diameter of proximal anastomosis may require further research. Another concern is that DSCT scanners can provide a rapid and reliable noninvasive assessment of restenosis in CABG patients. But the CT angiogram analysis has less accuracy in detecting graft patency compared to the conventional coronary angiography, because scanning of a DSCT with 2 x 128 detector rows covers the whole heart in a short period of time. It is for this reason that improper timing of the scan can give rise to a false negative reading. Therefore, this can be thought of as a disadvantage in terms of graft evaluation.
Conclusion
From this study we conclude that use of the 4.8-mm punch or 4.0-mm punch is not an important part of the many influential factors in preventing SV graft failure looking at the results. In conclusion, we believe that our study's results may help surgeons in choosing the most appropriate aorta wall punch in their cases. Namely, use of a 4.0-mm punch for proximal aorta anastomosis may not jeopardize SV graft patency. The criteria of the selection of the aortic punch should be determined depending on the vein diameter.
